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           A
t the September 2014 United Nations 

Climate Summit, governments ral-

lied around an international agree-

ment—the New York Declaration on 

Forests—that underscored restoration 

of degraded ecosystems as an auspi-

cious solution to climate change. Ethiopia 

committed to restore more than one-sixth of 

its land. Uganda, the Democratic Republic of 

Congo, Guatemala, and Colombia pledged to 

restore huge areas within their borders. In 

total, parties committed to restore a stagger-

ing 350 million hectares by 2030.

The ambition affirms restoration’s grow-

ing importance in environmental policy. 

These new commitments follow the 2010 

Aichi Convention on Biological Diversity (to 

restore at least 15% of degraded ecosystems 

globally) and the 2011 Bonn 

Challenge (to restore 150 mil-

lion hectares). Particularly when 

accompanied by policies to reduce further 

losses (as in the New York Declaration), res-

toration of such magnitude holds promise to 

address global environmental concerns.

Achieving this promise requires careful 

thought about how we restore ecosystems 

( 1,  2). We outline four core principles of 

scientifically based, workable, and compre-

hensive restoration ( 3) that can provide ap-

propriate best practice guidelines in legal, 

policy, and planning efforts.

There is little question that ecological 

restoration can provide substantial benefits 

that enhance quality of life ( 4). A consider-

able body of science suggests that restora-

tion can guide establishment of complex 

self-sustaining interactions between biota, 

biophysical features, and processes that 

compose an ecosystem ( 5,  6). The science 

also emphasizes the challenging nature 

of the endeavor: Our interventions rarely 

achieve full recovery, and uncertainty is 

to be expected in dealing with natural re-

covery processes ( 7,  8). Continuing envi-

ronmental change further challenges the 

notion of recovery ( 9).

Some have thus questioned whether dec-

larations of intent to restore will in fact re-

sult in substantive restoration of degraded 

land ( 10,  11). Others have cautioned that 

these declarations may spur actions that 

compromise biodiversity: for instance, by 

replacing ancient grassy biomes with forest 

plantations ( 12) or by planting species in 

climatic zones where they may not persist 

( 13). Others emphasize that a focus on one 

specialized goal (e.g., climate change miti-

gation) might not deliver intended benefits 

because of complexity in ecosystem dynam-

ics in ways and over time scales not fully 

understood ( 14,  15).

Specialized programs such as compensa-

tory mitigation, endangered species conser-

vation, and ecosystem service delivery can 

be a useful contribution to—but are not 

synonymous with—ecological restoration 

( 16,  17). Such distinctions are not trivial be-

cause projects undertaken in the name of 

restoration may in fact be something differ-

ent and, in many cases, have been demon-

strated to achieve neither restoration nor 

their intended purposes ( 17,  18). Delivery 

of diverse benefits will depend on how on-

the-ground efforts are conceived and imple-

mented ( 7,  8). Avoiding mistakes on a grand 

scale requires clear practice principles ( 10).

FOUR PRINCIPLES. We advocate consider-

ing four principles when planning restora-

tion. The degree to which each principle 

is achievable will vary on the basis of so-

cial and ecological context. By taking into 

account these comprehensive principles, 

trade-offs inherent in specialized projects 

are avoided, which increases the prospect 

of sustainable and valuable overall out-

comes (see the figure). 

1. Restoration increases ecological integ-

rity. Restoration initiates or accelerates 

recovery of degraded areas by prioritizing 

the complexity of biological assemblages, 

including species composition and repre-

sentation of all functional groups, as well 

as the features and processes needed to sus-

tain these biota and to support ecosystem 

function ( 3,  4).

2. Restoration is sustainable in the long 

term. Restoration aims to establish systems 

that are self-sustaining and resilient; thus, 

they must be consistent with their environ-

mental context and landscape setting. Once 

a restoration project is complete, the goal 

should be to minimize human intervention 

over the long term. When intervention is 

required, it should be to simulate natural 

processes that the landscape no longer pro-

vides (e.g., fire or invasive species removal) 

or to support traditional practices of local 

communities ( 8,  9).

3. Restoration is informed by the past 

and future. Historical knowledge, in its 

many forms, can indicate how ecosystems 

functioned in the past and can provide 

references for identifying potential future 

trajectories and measuring functional and 

compositional success of projects ( 19). 

However, the unprecedented pace and spa-

tial extent of anthropogenic changes in the 

present era can create conditions that de-

part strongly from historical trends ( 9). Of-

ten, then, history serves less as a template 

and more as a guide for determining appro-

priate restoration goals ( 19,  20).

Four principles for planning restoration. The use 

of four principles identifies trade-offs in the planning 

process and the extent of departure from the full 

opportunities presented by comprehensive ecological 

restoration [example after ( 25)].
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Committing to ecological restoration
Efforts around the globe need legal and policy clarification
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4. Restoration benefits and engages soci-

ety. Restoration focuses on recovering biodi-

versity and supporting the intrinsic value of 

nature ( 21). It also provides a suite of eco-

system services (e.g., improved water qual-

ity, fertile and stable soils, drought and flood 

buffering, genetic diversity, and carbon se-

questration) that enhance human quality of 

life (e.g., clean water, food security, enhanced 

health, and effective governance) ( 22). Resto-

ration engages people through direct partici-

pation and, thus, increases understanding of 

ecosystems and their benefits and strength-

ens human communities ( 4).

Parties to the U.N. Declaration will con-

sider a variety of ways to achieve the new 

restoration commitments. We advocate 

adoption of all four principles as normative 

standards that assess intent at the planning 

stage, developed in conjunction with con-

sideration of levels of uncertainty (in both 

the means and ends), the degree to which 

each principle could be attained, and legal 

or regulatory frameworks ( 23). Components 

that constitute ecological integrity will dif-

fer across ecosystems; they will need to be 

described and made practical through best 

practice guidelines ( 4). The degree to which 

restoration can be self-sustaining will de-

pend on landscape context; ongoing inter-

ventions may be required in some cases to 

ensure ecological goals consistent with local 

context are met ( 6). Flexibility regarding the 

degree of historical fidelity will be needed 

to ensure success in rapidly changing envi-

ronments ( 9). Ethical considerations can su-

persede direct societal benefits, particularly 

when ecocentric ideals are followed ( 21).

To achieve new restoration commitments, 

it will be tempting to consider specialized 

projects that emphasize one principle rather 

than attending to the full suite of potential 

opportunities. Degraded lands could be con-

verted to carbon farms, where monocultures 

of fast-growing tree species are planted and 

managed to optimize carbon sequestration 

( 24). Green infrastructure could provide 

vegetation that fixes carbon and increases 

permeable surfaces ( 25). As valuable as 

these strategies may be, they alone do not 

constitute comprehensive ecological resto-

ration. To contribute to our commitment to 

restore, the scope of these strategies should 

be broadened to include all restoration prin-

ciples (see the table).

We urge parties to utilize all principles 

in their planning and to maintain a broad 

purpose. Although a comprehensive plan 

may require a more integrative approach 

than one aimed toward a specialized pur-

pose, considering all four guiding princi-

ples is most consistent with ecological and 

social science and most likely to realize ac-

cepted benefits of restoration without net 

ecological loss.

Our four principles provide a necessary 

foundation to achieve sustainability and 

 

Application of guiding principles for restoration
Consideration of a comprehensive set of principles, with each principle situated along a continuum of efectiveness, should be a 
necessary provision of global restoration eforts.

Mitigation
Compensatory 
mitigation for 
mountaintop mining 
impacts on streams, 
Appalachia, USA (26)

Minimal
Project implementation 
most often based only 
on physical structure

Minimal
Ongoing maintenance 
often required. Large 
changes in environmental 
context unaccounted for

Minimal
Net loss of aquatic 
resources. Economic 
value of mining placed 
above environmental 
losses

Minimal
Historical or reference 
ecosystems evaluated by 
length or oversimplifed 
stream “units” rather than 
functional metrics 

Ecosystem services 
Global Partnership on 
Forest and Landscape 
Restoration, Pamu 
Berekum, Ghana (27) 

Minimal
Tree-planting focus, with 
little attention to diversity 
or other processes and 
functions. Planting targets 
in ha/year of plantations

Moderate
Increased rural livelihoods 
will decrease probability of 
unsustainable harvesting 

Exemplary
Increased carbon 
sequestration and food 
production. Participatory 
planning. Better income 
and rural livelihoods 

Minimal
Most focus on plantation 
methods, some attention 
to including valued 
indigenous tree species  

Urban greening 
Cheonggyecheon 
stream restoration, 
Seoul, South Korea 
(25) 

Moderate
Increased biodiversity 
sixfold, including marsh 
plants, fsh, and birds, but 
at considerable capital 
cost given central location 
in large urban region

Minimal
To keep river fowing, 
water must be pumped 
from Han River and 
underground reserves at a 
cost of >200 million yen 
per year 

Exemplary
Reduced urban heat island 
efect and small-particle 
air pollution. Increased 
property values. Provided 
critical natural habitat for 
recreation in urban core

Moderate
Redirected underground 
waterways. Historically, an 
intermittent stream with 
strong cultural 
signifcance   

Habitat restoration 
Postlogging stream 
restoration, Lyell 
Island, Gwaii Haanas, 
Haida Gwaii, British 
Columbia, Canada (4)

Exemplary
Integrated approach to 
habitat restoration that 
focused on several 
aspects of diversity and 
function

Exemplary
Cessation of logging, 
relative absence of 
invasive species, cultural 
engagement, and assisted 
succession techniques 
ensure long-term success 

Exemplary
Signifcant cultural value 
in recovery of a focal 
group (salminoid fsh), an 
important food source

Exemplary
Clear use of intact 
contemporary reference 
ecosystems; goals 
included ecological and 
cultural continuity    

Endangered species 
El Segundo blue 
butterfy (Euphilotes 
battoides allyni), 
California, USA (28)  

Moderate
Focus on host plant, coast 
buckwheat (Eriogonum 
parvifolium)

Minimal
Habitat protection and 
conservation 

Moderate
Intrinsic value of species 
preservation

Exemplary
Preservation of last 
remaining coastal dunes in 
butterfy range   

 Four guiding principles

ECOLOGICAL

INTEGRITY

LONG-TERM

SUSTAINABILITY

BENEFITS AND

ENGAGES SOCIETY

INFORMED BY PAST

AND FUTUREEXAMPLES

“Our four principles provide 
a necessary foundation to 
achieve sustainability and 
resilience into the future.”
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Chapter 3  
Principles and Guidelines of 
Restoration for Protected Areas 
This chapter describes underpinning principles and guidelines of ecological 
restoration for protected areas.

Effective ecological restoration for protected areas is restoration that  
re-establishes and maintains the values of a protected area
n ‘Do no harm’ by first identifying when restoration is the best option 
n Re-establish ecosystem structure, function and composition
n Maximize the contribution of restoration actions to enhancing resilience  

(e.g., to climate change) 
n Restore connectivity within and beyond the boundaries of protected areas
n Encourage and re-establish traditional cultural values and practices that  

contribute to the ecological, social and cultural sustainability of the protected  
area and its surroundings

n Use research and monitoring, including from traditional ecological knowledge,  
to maximize restoration success

Efficient ecological restoration for protected areas is restoration that maximizes 
beneficial outcomes while minimizing costs in time, resources and effort
n Consider restoration goals and objectives from system-wide to local scales
n Ensure long-term capacity and support for maintenance and monitoring of 

restoration
n Enhance natural capital and ecosystem services from protected areas while 

contributing to nature conservation goals 
n Contribute to sustainable livelihoods for indigenous peoples and local  

communities dependent on the protected areas
n Integrate and coordinate with international development policies and programming

Engaging ecological restoration for protected areas is restoration that 
collaborates with partners and stakeholders, promotes participation and 
enhances visitor experience
n Collaborate with indigenous and local communities, neighbouring landowners, 

corporations, scientists and other partners and stakeholders in planning, 
implementation, and evaluation

n Learn collaboratively and build capacity in support of continued engagement  
in ecological restoration initiatives

n Communicate effectively to support the overall ecological restoration process
n Provide rich experiential opportunities, through ecological restoration and as a 

result of restoration, that encourage a sense of connection with and stewardship  
of protected areas
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This chapter identifies three underlying principles and fourteen 
guidelines for ecological restoration in protected areas. They 
are supplemented by more technical best practice methods 
and techniques (Chapter 4) and recommended 
implementation processes (Chapter 5) that draw on 
knowledge and experiences in restoration for protected areas 
around the world (see case studies in Chapter 6).

Principles of Ecological 
Restoration for Protected 
Areas: Effective, 
Efficient, Engaging

To be successful, ecological restoration should adhere to the 
following three underlying principles. 

a. It should be effective 

Effective ecological restoration for protected 
areas is restoration that re-establishes and 
maintains protected area values.

Ecological restoration for protected areas will be motivated 
primarily by the desire or need to restore natural and any 
associated cultural values of the protected area (Higgs & 
Hobbs, 2010) related to ecosystem structure and function (i.e., 
the essential elements of ecological integrity). The objectives of 
restoration draw on the original purposes of a protected area 
and objectives for management, which are often described 
in management plans, or embedded in traditional knowledge 
in the case of community conserved areas, and reflected 
in the protected area management category. Associated 
cultural values (e.g., cultural heritage values, recreational, 
aesthetic, visitor experience, or spiritual values) or practices 
may be restored simultaneously. Achievement of ecological 
restoration goals also requires attention to the underlying 
causes of degradation, opportunities for restoration associated 
with human knowledge and cultural practices, and careful 
monitoring to learn from experience and facilitate adaptive 
management. 

b. It should be efficient 

Efficient ecological restoration for protected areas 
is restoration that maximizes beneficial outcomes 
while minimizing costs in time, resources 
and effort.

Ecological restoration can be complex and costly, and early 
action to prevent, halt or reverse degradation is more efficient 
than waiting to act until the degree of degradation is more 

severe. However, ecological restoration can also achieve 
significant benefits in addition to its immediate conservation 
goals. Such benefits may be related to, for example, climate 
change adaptation and mitigation, cultural renewal and 
survival, and socio-economic well-being, some of which 
also provide direct economic benefits. Evidence suggests 
that if these benefits are taken into account, well-planned, 
appropriate restoration can have high benefit:cost ratios 
in terms of return on investment (Neßhöver et al., 2011). 
Efficient ecological restoration for protected areas thus aims 
to maximize beneficial ecological, social-economic and 
cultural outcomes and minimize costs, while not losing sight 
of conservation goals. This may involve prioritizing restoration 
efforts according to locally-determined criteria. 

c. It should be engaging 

Engaging ecological restoration for protected 
areas is restoration that collaborates with partners 
and stakeholders, promotes participation and 
enhances visitor experience.

Collaboration and support among partners and stakeholders 
is a long-term foundation for restoration success (Egan et 
al., 2011), particularly when protected areas have resident or 
local indigenous peoples and communities. Some countries 
have a legal obligation to consult (e.g., SCBD, 2004) and 
free, prior and informed consent should always be obtained 
from traditional and indigenous peoples for projects on their 
territory. Engaging and involving partners and stakeholders 
in planning, implementation and reciprocal learning can build 
a sense of ownership and generate trust, thereby creating 
a constituency of support (Hill et al., 2010) for restoration. 
Traditional ecological knowledge can bring valuable practice 
and information (Berkes et al., 2000). Careful listening and 
a willingness to act on what is heard can help maximize 
community benefits, identify potential problems and engage 
people in restoration and monitoring, thus reconnecting 
them with nature (Gann & Lamb, 2006). By inspiring people, 
including protected area visitors, restoration can build 
partnerships to reduce degradation and contribute to the 
achievement of broader protected area and biodiversity 
conservation objectives. 

These principles are supported by a set of guidelines and 
examples that provide details on how the principles are 
interpreted in practice. 

Chapter 3: Principles and Guidelines 
of Restoration for Protected Areas
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problems can be avoided if river restoration actions adhere to 
four fundamental process-based principles (table 2).  

Principle 1: Target the root causes of habitat and ecosystem 
change. The core principle of process-based restoration is 
that restoration actions should address the causes of degra-
dation, rather than the symptoms of it (Beechie and Bolton 
1999, Kondolf et al. 2006). Restoration designs often rely on 
simple habitat or channel evaluations that identify habitat 
“problems” and are intended to build a specific channel 
or habitat type perceived as “good.” Such actions tend to 
fail because the design process does not attempt to identify 
the underlying processes causing habitat degradation, and 
unaddressed system drivers will ultimately overwhelm the 
constructed habitat. Examples of this kind of action include 
the use of wood structures to create pools in a reach where 
pool loss is primarily a function of levee construction and 
increased sediment supply, or the use of bank armoring to 
stop bank erosion, even though bank erosion is a natural 
process that creates and maintains habitat. Restoration ac-
tions that target root causes of degradation are designed to 
correct human alterations to those driving processes. Hence, 
the preceding actions would be replaced by actions that set 
back levees and reduce sediment supply from hill slopes, or 
that allow bank erosion to occur while reestablishing ripar-
ian vegetation across the floodplain. 

Principle 2: Tailor restoration actions to local potential. Restora-
tion designs and techniques should be tailored to local physi-
cal and biological potential, which are controlled by processes 
operating at regional, watershed, reach, and site scales. Each 
reach within a river network has a relatively narrow range of 
channel and riparian conditions that match its physiographic 
and climatic setting, and restoration actions should be de-
signed to correct disruptions to driving processes and redirect 
channel and habitat conditions into that range. Restoration 
targets consistent with natural potential can be identified 
through historical analysis and by assessing disruptions to the 

primary driving processes. For example, analysis of sediment 
and discharge regimes can be combined with analysis of his-
torical channel patterns to identify appropriate target channel 
plan forms (e.g., Kondolf et al. 2001). Analyses should also 
identify human constraints that limit restoration potential 
and, when necessary, guide restoration designs to be consis-
tent with the altered physical and biological potential (e.g., 
Trush et al. 2000, Burke et al. 2009). Adhering to this principle 
will assist restoration planners in identifying appropriate 
target rates of watershed processes, expected channel and 
habitat dynamics in the restored system, and anthropogenic 
constraints that limit restoration potential (e.g., an upstream 
dam or other infrastructure that will not be moved). 

Principle 3: Match the scale of restoration to the scale of physi-
cal and biological processes. Successful river restoration will 
require a broad array of actions at appropriate physical and 
biological scales that seek to repair processes responsible for 
ecosystem degradation (Lake et al. 2007). For example, reduc-
ing sediment supply to rates near background levels requires 
actions distributed across a watershed (Kondolf et al. 2006), 
whereas restoring wood recruitment to a small stream may re-
quire only reach-scale restoration of riparian forests (Beechie 
et al. 2000). Similarly, rebuilding depressed anadromous fish 
populations (e.g., salmon, lamprey, shad) requires restoration 
of habitats spanning entire watersheds because the life cycles 
of these fishes include headwater spawning reaches, midriver 
spawning and rearing habitats, and delta and estuarine rear-
ing habitats. We acknowledge that this is perhaps the most 
difficult principle to follow because most restoration actions 
are at the scale of reaches and smaller, whereas the scales of 
physical and biological processes that must be addressed are 
generally at the reach scale and larger (e.g., the watershed-
scale processes in figure 2). Moreover, the most severe habitat 
and land-use changes are commonly in lowland floodplains 
and deltas (Pess et al. 2002, Hohensinner et al. 2005), yet 
restoration actions most often focus on headwaters and small 
tributaries (Bernhardt et al. 2005).

Table 2. Summary of the four process-based principles.

Principle Description

1.  Target root causes of habitat and  
ecosystem change

 restoration actions that target root causes of degradation rely on assessments of processes that 
drive habitat conditions, and actions are designed to correct human alterations to those driving 
processes.

2.  Tailor restoration actions to local  
potential

each reach in a river network has a relatively narrow range of channel and riparian conditions that 
match its physiographic and climatic setting, and understanding processes controlling restoration 
outcomes helps design restoration actions that redirect channel and habitat conditions into that 
range.

3.  match the scale of restoration to  
the scale of the problem

 When disrupted processes causing degradation are at the reach scale (e.g., channel modification, 
levees, removal of riparian vegetation), restoration actions at individual sites can effectively address 
root causes. When causes of degradation are at the watershed scale (e.g., increased erosion, 
increased runoff due to impervious surfaces), many individual site-scale actions are required to ad-
dress root causes. recovery of wide-ranging fishes (e.g., Pacific or atlantic salmon) requires restora-
tion planning and implementation at the scale of population ranges.

4. Be explicit about expected outcomes  Process-based restoration is a long-term endeavor, and there are often long lag times between 
implementation and recovery. ecosystem features will also continuously change through natural 
dynamics, and biota may not improve dramatically with any single individual action. hence, quantify-
ing the restoration outcome is critical to setting appropriate expectations for river restoration.
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Principle 4: Be explicit about expected outcomes, including recov-
ery time. Process-based restoration is inherently a long-term 
endeavor, as there are often long lag times between beginning 
restoration of processes and recovery of certain functions of 
the river ecosystem (Hughes et al. 2005). For example, ripar-
ian plantings may take decades to mature and provide wood 
to streams, or incised channels may take decades to aggrade 
after reintroduction of beaver and restoration of natural 
vegetation (Beechie et al. 2000, Pollock et al. 2007). Hence, 
quantitative predictions of restoration outcomes are critical 
to setting appropriate expectations for the magnitude and 
pace of recovery that will result from restoration actions, 
estimating how much restoration is needed for ecosystem 
recovery, and for designing appropriate monitoring and 
adaptive management programs. Importantly, it is difficult 
to predict the outcomes of some restoration actions, either 
because the expected outcome is a dynamic channel with 
a range of potential conditions, or because future climate 
change may alter driving processes in unforeseen ways. 
Nevertheless, even for restoration actions that are intended 
to restore dynamics, such as channel movement, restoration 
plans should at least predict the general range of possible 
outcomes (Perrow et al. 2008, Wheaton et al. 2008). 

Applying the process-based principles: Key analyses 
needed for implementation
When guided by the four process-based principles, restora-
tion planning is focused on putting the right projects in 

the right places (following principles 1–3), and on setting 
appropriate expectations for riverine ecosystem responses 
to restoration (principle 4). Planning for process-based 
restoration relies on a suite of analyses that answer two 
main questions: (1) How have changes in riverine habitats 
(including their dynamics) affected biota? and (2) What are 
the ultimate causes of changes in riverine habitats? (figure 
3; Beechie et al. 2008a). Answers to these questions identify 
the causes of degradation that must be addressed (principle 
1), physical and biological potentials of each reach in a river 
network (principle 2), and the scales at which restoration 
actions must be implemented (principle 3). Together, this in-
formation identifies which restoration actions are necessary 
for habitat and ecosystem recovery, as well as reach-specific 
restoration targets throughout the river network. Once res-
toration actions are identified, analyses focus on predicting 
the outcome of restoration actions, including the length of 
time between action implementation and physical and bio-
logical responses (principle 4). These predictions are criti-
cal to determining which actions will provide the greatest 
ecosystem benefit at the least cost, and to assuring realistic 
expectations for restoration outcomes (Battin et al. 2007).

Identifying necessary restoration actions in a watershed 
begins with assessments of changes in habitat and biological 
conditions, as well as assessments of changes to habitat-
forming processes. Analytical approaches generally include 
some combination of historical analysis (Hohensinner et al. 
2005, Sear and Arnell 2006), reference site data (Karr 1999, 

Figure 3. The structure of analyses for planning process-based restoration has a causal linkage dimension (vertical axis), 
as well as a time dimension (horizontal axis). In this conceptual framework, analyses for restoration planning track  
linkages between landscape processes, habitat conditions, and biological responses. They also document how human 
activities have altered riverine ecosystems either by direct manipulation of rivers, floodplains, and biota, or indirectly 
through changes in driving processes. These analyses guide process-based restoration by identifying causes and scales of 
degradation (principles 1 and 2), indentifying restoration targets that match local reference rates and conditions  
(principle 3), and making realistic predictions of restoration outcomes (principle 4).




